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Abstract 
According to the optimization experimental results of feather fermentation using the compound mutation strain of 
Bacillus subtilis which was obtained through fermentation condition of ultraviolet ray and sodium nitrite, This paper 
presented the optimum fermentation condition was culture temperature 33ć, culture duration 72 hours, shaker speed 
170rpm, inoculums 6%, liquid volume 100mL/500mL, initial pH value of the fermentation medium which was 
suitable for the growth of the strain 7.0, and the optimal pH value for producing enzyme by the strain was 7.5-8.0. 
During the 60 hours culture, the highest yielding rate for producing enzyme by the strain was 1.267 U/mL. The 
decompose rate of the feather after 72 hours was 69.61%. The amino acid concentration in the fermentation medium 
fluid reached 22.66mg/mL. This research provided the optimum process parameters for producing biological 
fermentation feather powder in industry. 
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1.Introduction 
The content of stearic keratin in Poultry feather was around 75%-85%, so poultry feather was often 
used as feedstuff of animals since it was mostly composite of Stearic keratin. However, the amino acids in 
feather keratin were mostly Hydrophobic amino acids, especially, in which Cystine disulfide bond was 
difficult to be hydrolyze by Protein hydrolase, so, the vitality of feather keratin was low [1]. If the poultry 
feather was made to feedstuff by simple processing, it will be difficult for animal to digest. Therefore, it is 
important to develop an advanced technology of feather deeply processing. 
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At present, the methods of processing poultry feather included hydrolysis method, expanding methods, 
and enzymatic. The physics and chemistry methods at present were not good enough. Enzymatic had a 
high cost. The biological fermentation technology was on the research stage, and there was no report on 
the application of the technology in the practical production [2]. 
In this paper, we conducted the optimization experiment of feather fermentation using the compound 
mutation strain of Bacillus subtilis which was obtained through fermentation condition of ultraviolet ray 
and sodium nitrite, and presented the optimum fermentation condition which provided the optimum 
process parameters for industrial producing biological fermentation feather powder. 
2.Materials and Methods 
([SHULPHQWDOPDWHULDOV
The general materials were raw Feather meal and maize silage. The compound mutation strain of 
Bacillus subtilis which was obtained through fermentation condition of ultraviolet ray and sodium nitrite 
was selected. The components of optimum feather meal medium was feather meal 5.5%, Maize silage 
powder 0.8%, K+ concentration 0.018mol/L, Mg2+ concentration 0.065mol/L, Ca2+ concentration 
0.072mol/L, Fe2+ concentration 0.010mol/L, Na+ concentration 0.088mol/L. pH value was adjusted to 
7.0-8.0.  
2SWLPL]DWLRQH[SHULPHQWDOPHWKRGV
The methods of strains culture was that slant strains were transferred to 50mL beef-protein medium 
after 18 hours culture, the culture temperature was set to 36ćf1ć, and the culture time was set to 18 
hours. 
The method of enzyme vitality determination was 1mL supernatant was picked up, and mixed 2mL 
Tris-HCI buffer (50mL Tris-HCI, pH 8.0), and then mixed 10mg feather meal after fermentation broth 
was filtered and centrifuged. The mixture then was put in a 40ć water insulation oscillation machine. 
After 6 hours reaction, 2mL 10% TCA was put into the mixture to end the reaction. Thirty minutes later, 
it was centrifuged for 15 minutes, the temperature was adjusted to 4ć, and the centrifuge speed was 
adjusted to 8000r/min. The 280nm OD value of the supernatant was measured. In the control experiment, 
the TCA was put into first, other steps was the same with above steps [3]. The definition of enzyme 
vitality: the enzyme vitality was defined as the difference of 280nm OD values between experimental 
samples and control experimental samples. 1U enzyme was needed when 1 unit absorbance was added. 
The formula of enzyme vitality was described as (1). 
 
3 PQP                                                                            
Where 3 is degradation degree of feather keratin, P is dry weight of feather meal, Q is dry weight of 
filter residue after fermentation. 
We got the optimum fermentation condition by measuring the vitality of enzyme which was produced 
from the mutation strains of bacillus subtilis in different fermentation conditions. The methods were 
described as follows. 
The method of optimizing fermentation culture temperature was that the same optimum feather meal 
mediums were separately fermented in different shaker table with different temperatures, the other 
fermentation conditions were fluid quantity 150mL/500mL, shaker speed 500r/min, culture duration 48 
hours, and inoculums 5% (v/v), the enzyme vitalities were measured after fermentation culture. 
The method of optimizing inoculums was that in the optimum culture temperature, the mediums with 
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different inoculums were separately fermented 48 hours, and then the enzyme vitalities were measured. 
The method of optimizing shaker speed was that in the condition of optimum culture temperature and 
inoculums, the mediums with different shaker speed were separately fermented 48 hours, and then the 
enzyme vitalities were measured. 
The method of optimizing liquid volume was that in the condition of optimum culture temperature, 
inoculums, and shaker speed, the mediums with different liquid volume were separately fermented 48 
hours, and then the enzyme vitalities were measured. 
The method of optimizing initial pH value of fermentation fluid was described as follow. In the above 
optimum conditions, complete mediums with different initial pH value were separately fermented 24 
hours, and then the mediums were diluted ten times by sterilized saline water, and then the absorbance 
values in 660nm were measured, and we can know the effect of initial pH value on strains growth. In the 
above optimum conditions, mediums with different initial pH value were separately fermented 48 hours, 
and then the enzyme vitalities were measured, and we can know the effect of initial pH value on strains 
producing enzyme. 
The method of optimizing culture duration was described as follow. In the above optimum conditions, 
the medium was fermented. The living cell number in the medium was measured every 6 hours. We 
would see the effect of culture duration on strain cells growth. At the same time, the enzyme vitality and 
feather degradation rate in the medium was measured every 6 hours. We would see the effect of culture 
time on strains producing enzyme.  
3.Results and Discussions 
7KHREVHUYHGUHVXOWVXVLQJPLFURVFRSH
Fig. 1 showed the non-decomposed feather under microscope, while Fig. 2 showed the decomposed 
feather under microscope. 
 
Fig. 1. view of non-decomposed feather under microscope 
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Fig. 2. view of decomposed feather under microscope 
7KHUHVXOWVRIRSWLPL]LQJIHUPHQWDWLRQFXOWXUHWHPSHUDWXUH
Table 1 and Fig. 3 show the effect of fermentation temperature on enzyme producing capability of the 
strain. It says that from 27ć to 33ć, the enzyme vitality improves, after 33ć, the enzyme vitality 
decreases with the rising of temperature. If the strain fermented in the temperature of 33ć, the enzyme 
vitality will be 1.121U/mL. Hence, 33ć was selected as the optimum fermentation culture temperature. 
Table 1. The effect of fermentation temperature on enzyme producing capability of the strain 
Temperature (ć) 27 30 33 36 39 42 45 
Enzyme Vitality (U/mL) 0.793 1.073 1.121 1.072 0.861 0.733 0.550 
 
 
Fig. 3. the effect of fermentation temperature on enzyme producing capability of the strain 
7KHUHVXOWVRIRSWLPL]LQJLQRFXOXPV
Table 2 and Fig. 4 show the effect of inoculums on enzyme vitality in the process of fermentation. It 
says that the inoculums can’t largely effect the ability of strains for producing keratinase, from 3% to 6% 
of the inoculums, the enzyme vitality improves, from 6% to 9% of the inoculums, the enzyme vitality 
seems no big change. Therefore, 6% was selected as the optimum inoculums. 
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Table 2. The effect of inoculum on enzyme activity in the process of fermentation 
Inoculums (%) 3 4 5 6 7 8 9 
Enzyme Vitality (U/mL) 0.839 0.972 1.026 1.135 1.123 1.137 1.072 
 
 
Fig. 4. the effect of inoculum on enzyme vitality 
7KHUHVXOWVRIRSWLPL]LQJVKDNHUVSHHG
Table 3 and Fig. 5 show the effect of shaker speed on enzyme producing capability of the strain. It 
says that shaker speed directly affects the dissolve of oxygen in the zymotic fluid, from 90r/min to 
170r/min, the enzyme vitality improves largely, after 170r/min, and the enzyme vitality doesn’t change 
largely. 170r/min was selected as the optimum shaker speed. 
Table 3. The effect of shaker speed on enzyme producing capability of the strain 
Shaker Speed (r/min) 90 110 130 150 170 190 
Enzyme Vitality (U/mL) 0.507 0.723 0.805 1.031 1.152 1.139 
 
 
Fig. 5. the effect of shaker speed on enzyme producing capability of the strain 
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7KHUHVXOWVRIRSWLPL]LQJOLTXLGYROXPH
Table 4 and Fig. 6 show the effect of liquid volume on enzyme vitality in the process of fermentation. 
It says that if we enlarged the liquid volume, the enzyme vitality will decrease, when the liquid volume is 
100mL, the enzyme vitality is the biggest which is 1.163U/mL. 100mL/500mL was selected as the 
optimum liquid volume. 
Table 4. The effect of liquid volume on enzyme vitality in the process of fermentation 
Liquid Volume (mL/500mL) 100 150 200 250 300 
Enzyme Vitality (U/mL) 1.163 1.138 1.064 0.713 0.591 
 
 
Fig. 6. the effect of liquid volume on enzyme vitality in the process of fermentation 
7KHUHVXOWVRIRSWLPL]LQJLQLWLDOS+YDOXHRIIHUPHQWDWLRQIOXLG
Table 5 and Table 6 show separately the effect of initial pH value of the fermentation medium on the 
growth of the strain and on enzyme producing capability. Table V says that the optimal range of initial pH 
value of the fermentation medium is 6.5-7.5, the optimal initial pH value is 7.0. Table VI says that from 
6.0 to 7.5 of initial pH value, the enzyme vitality improves largely, at 7.5 of pH value, the enzyme vitality 
is the biggest, after 8.0 of pH value, the enzyme vitality decreases gradually. Hence, 7.5-8.0 of pH value 
was selected as the optimum initial pH value. 
Table 5. The effect of initial pH value of the fermentation medium on the growth of the strain 
pH Value 6.0 6.5 7.0 7.5 8.0 8.5 9.0 
Enzyme Vitality (U/mL) 0.306 0.525 0.962 1.183 1.172 1.026 0.963 
Table 6. The effect of initial pH value of the fermentation medium on enzyme producing capability of the strain 
pH Value 6.0 6.5 7.0 7.5 8.0 8.5 9.0 
absorbance value in 660nm 0.515 0.662 0.751 0.679 0.561 0.395 0.206 
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7KHUHVXOWVRIRSWLPL]LQJFXOWXUHGXUDWLRQ
Fig. 7 shows the growth of active cells in the fermentation medium. It says that in the first 18 hours, 
the strains are in the adaptation period, between 18 hours and 36 hours, the strains are in the logarithmic 
phase, between 36 hour and 54 hour, the strains are in the stationary phase, after 54 hours, the strains are 
in the decline phase. Fig. 8 shows the effect of duration of fermentation on enzyme vitality and rate of 
decomposition of feather. It says that in the first 60 hours of fermentation, the enzyme vitality raises, 
between 24 hour and 60 hour, the enzyme vitality of strains raises quickly, at the 60th hour, the enzyme 
vitality is the biggest which is 1.267U/mL, after 60 hours, the enzyme vitality decreases quickly, after 90 
hours, the enzyme vitality rises again slightly which might be related to strains growth and pH value of 
fermentation medium. Fig. 8 also shows between 36 hour and 72 hour, the feather decomposition rate 
rises fast, at the 72th hour, the decomposition rate reaches 69.61%, after 72 hours, the decomposition rate 
doesn’t change largely. According our comprehensive analysis on the change regulation of enzyme 
vitality and feather decomposition rate, 72 hours was selected as the optimum culture duration. 
 
 
Fig. 7. graph of growth of active cells in the fermentation medium 
 
 
Fig. 8. the effect of duration of fermentation on enzyme activity and rate of decomposition of feather 
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7KHUHVXOWVRIWHVWLQJUHVXOWVRISURGXFWLRQV
Table 7 shows the measurement of the amino acid concentration in the feather fermentation liquid. 
Table 7. Measurement of the amino acid concentration in the feather fermentation liquid 
Amino Acid Content           (mg/ mL˅ Amino Acid 
Content           
(mg/ mL˅ Amino Acid 
Content           
(mg/ mL˅ 
Aspartic 1.22 Threonine 0.33 Methionine 0.17 
Glutamate 3.84 Proline 6.67 Isoleucine 0.69 
Serine 0.48 Cystine 0.73 Leucine 1.13 
Arginine 0.37 Alanine 2.45 Tryptophan 0.15 
Histidine 0.14 Lysine 0.36 Phenylalanine 0.32 
Glycine 1.18 Valine 2.43 Total amino acids 22.66 
 
4.Conclusions 
In this paper, we conducted the optimization experiment of feather fermentation using the method of 
single factor experiment. We presented the optimum fermentation condition was culture temperature 33ć, 
culture duration 72 hours, shaker speed 170rpm, inoculums 6%, liquid volume 100mL/500mL, initial pH 
value of the fermentation medium which was suitable for the growth of the strain 7.0, and the optimal pH 
value for producing enzyme by the strain was 7.5-8.0. In the experiment of culture duration, at the 48th 
hour, the number of active cells in the fermentation medium reached the top value which was 3.9×109 
cfu/mL, at the 60th hour, the enzyme vitality reached the biggest value which was 1.267U/mL, after 72 
hours fermentation, the feather decomposition rate reached 69.61%. 
During the strains fermentation, feather keratin was largely transformed into amino acids, short peptide, 
and bacterial protein. The amino acids content in the broth reached 22.66mg/mL. We provided the 
optimum process parameters for producing biological fermentation feather powder in industry. 
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